MR B SERBHY Modern Food Science and Technology 2024, Vol.40, No.2

B IR BRI S B AR 7 S R L

BEE, HhE, =X, BE', BHP, #EIl’, EHNE"
(L KFRIAFE TAEFR, W RF 610065) (2. T EIAEARTBA RG], FMNIE 556000)

WE: GBS HTMINEHFE RS, RIANER, [2FE 7K, A AEEFEM., AABRXEH (F
BIATH . HMWIFE ) FORDEFRED LR B LB AR, AL —FREBORAMEAST R, HHRE
BRI R B ITAZ T JAL SA M ARAT B E o0 i 09 TAAHUAE; AR iR €38 - SR e — 4 A0 &35 - ATH R EER,
SR T 2 LA BRI Rk 69 2 5. R R, KB4 RET, AL B0 (Inoculated Fermentation-7d, IF-7) 9%
BRAFLBRH 40395 T A AL B4 (Natural Fermentation-7d, NF-7), pH A& B8 5 & 40K T NF-7 28 ; IF-7 2069 &
TS ECE. Nk, BAFESFT @G T NF-T4H, AHUADEFRER, EHEELMRAY R AL T, F-7
WA 21 AP EAA REE R AR & T NF-7T 4, 6 AR IKT NF-7 40 ExT 8L M Rerdp a4 F . IF-7 40w
NE-7 8.5 R4l ik 248 4 Fo 246 P ik, E2ABE (VARBEL. CEFAHE). B (LK. ARE L) AEEWR
(PATZBRABS. AEAAES. CRRCESS A T), IF-7 AMBEMRATRILT NF-7 4, ey @ £ 74800, v b2 R A9,
VA B XA WA @ BRIHEIRAE A R B 5 KB 6 BRA RSBl R4 424 Z BT, 3R 5 sbdb SR BT S ME.

KRR AR, WATKBE; BALIBAT, A MR, KA R

B :1673-9078(2024)02-120-130 DOI: 10.13982/j.mfst.1673-9078.2024.2.003 1

Comparison of the Quality of Rice Sour (Baisuan) Soup Prepared with
Direct-Vat-Set Strain and Fermented Soup Mother Liquor

ZHAO Chengxin', YANG Xiaoyun', LI Aimeng', DUAN Feixia', TIAN Qiming’, ZHONG Dingjiang’, JIA Lirong"
(1.College of Biomass Science and Engineering, Sichuan University, Chengdu 610065, China)
(2.Majiang Mingyang Food Co. Ltd., Kaili 556000, China)

Abstract: As a special seasoning of Kaili, Guizhou, rice sour soup (RSS) is highly popular, but there are problems such
as low yield and unstable quality. Direct-Vat-Set strain powder (Lactobacillus casei, Lactobacillus plantarum) and mother
fermentation liquor of RSS were used as the compound starter culture to be inoculated for fermenting RSS. Compared with
the traditional fermentated RSS prepared using singly the soup mother liquor, the change trends of the physico-chemical
indexes, microbial indexes and sensory quality of RSS over the fermentation process were studied. Liquid chromatography-
mass spectrometry (LC-MS) and two-dimensional gas chromatography-time of flight mass spectrometry (GCxGC-TOF/

MS) were used to compare and analyze the differences in the flavor substances of the two groups of RSS. The results showed
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that at the end of fermentation, the total acid content and total number of lactic acid bacteria in the Inoculated Fermentation-
7d group (IF-7) were significantly higher than those in the Natural Fermentation-7d group (NF-7). The pH value and total
number of yeast of the IF-7 were lower than those in NF-7 group. The sensory scores of IF-7 group were higher than those
of NF-7 group in color, flavor, taste and total score, though there was insignificant difference in flowability. As for the non-
volatile flavor substances, the IF-7 group had a total of 21 significant differential metabolites that were higher than those
in the NF-7 group, and a total of 6 metabolites that were lower than those in the NF-7 group. As for the volatile flavor
substances, 248 and 246 components were detected in the IF-7 group and the NF-7 group, respectively, which were primarily
alcohols (mainly propanol, ethanol, etc.), acids (mainly acetic acid, propionic acid, etc.), and esters (mainly propyl acetate,
propyl propionate, ethyl acetate, etc.). The content of esters in the IF-7 group was slightly lower than that in the NF-7 group,
though little difference was detected in other aspects. The above results showed that the fermentation of RSS by inoculating
Direct-Vat-Set strain powder along with fermented soup mother liquor as the starter culture can significantly shorten the
production time and improve the product quality and nutritional value.
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Table 1 Sensory evaluation index of rice sour soup
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Fig.2 Changes of lactic acid bacteria and yeast during

fermentation of rice sour soup

124

23 REIFH

MBS AR kR S 5 Hh DY AN 75 TN NF-7
M IF-7 HRR A AT IR E VP, 8 — TS 75 5
B 5 %0 R, ShlEAE (B3, HE3
Al H, 5 NF-7 4LAH B, TF-7 41 AR i A 5 3
B A R, SRR LR, H vk K
T[] Bk Y A, NF-7 41801 1F-7 4088 i 4. 50 4 3 N
68.70 73+ 81.70 43, B I8 i 45 Fh 7L IR T K %
B2, R E3RTE i i

E 3 BARBNERRRBARFNGEEITE
Fig.3 The sensory evaluation of rice sour soup by natural

fermentation and direct vat set fermentation

24 ETHMEE-FERAMERREMNL
B G Bt 2 SR8 A oA

24.1 TRELXBFXOBAEFRSY LT

J# i K B PCA. PLS-DA & OPLS-DA % £ ¢
Gt o IR AT S b 10 PCA ER 155
K (Kl 4a) Fros, 1F-7 2HR1 NF-7 2R A5k R 1
D N SRR AH 1) B, DR O R A T AL TR R
B 2R, #— i@ PLS-DA i/ 3 - H
WISy M, i1 4b WA, TF-7 41801 NF-7 21 8] 5 #k
FhnEE, REHAZ EMREEERRESR
PLS-DA B ¥k 56 B I Xt PLS-DA #5 A () m 5 4 3k
Tk, HRARENTA Q2 M KT HA Ml
Q2 MELFIAZ S Y #i A s /N TET 0, MKl 3d
Al % H, PLS-DA #4842 "] 5E (] ; OPLS-DA #g
AV B AR RERE 7T, AT B KRR B2 A 4 1A 22
I 4c AT 15 H, IF-7 251 NF-7 48818 I /9 X 4
B, HAN KRB S, B xR E RN R
%75 H 98 R B A R 7 AR = W) A7 A8 B B 22 5%
AU AT IR L, SR AR, R
IEFRUEN P-value <0.05 H. VIP=1, 5 NF-7 ALk,
IF-7 240 Bt i Hp S 05 30k tH 584 /> 1 1 AR ™= 4 J
281 AN N IRAHT=)



MR B MR Modern Food Science and Technology 2024, Vol.40, No.2
a 40k u[F-7 b 400k u[F-7
o NF-7 o NF-7
_ 200} _ 200t
X ° IS .
[S)) u @ n
0 L] o~
z 0 = 0 = <
3) L] o * 3) - °
=% =%
=200 |- -200 |
400k, . . . -400 ! . . .
-400 -200 0 200 400 -400 -200 0 200 400
PC1 (30.4%) PC1 (30.3%)
R2=(0.0, 1 2=(0.0, 0.76
C 400 uIF.7 d | oor 200D Q@ )
S .
N 0.95
< 200
= 0.90 -
| |
5 0 - 08519
3 s
= . 0.80 | /
= [ ]
§D -200 - 0.75 . s = R2
=)
£ 0.70 | s s °Q2
o 400 & 1 1 1 1 1 L) 1 L L) 1 L
-400 -200 0 200 400 0.0 0.2 0.4 0.6 0.8 1.0
T score [1] (30%) Similarity (y,y,,,,.)

B 4 ZEEARANREWN S TSRIT T
Fig.4 Multivariate statistical analysis of metabolites of fermented rice sour soup

7E: (a) PCA 134 B; (b) PLS-DA 134H; (¢) PLAS-DA 134 B; (d) PLS-DA E#410H .

242 RREKBF KO B EFRMD A

Fe AR R 7T &, )5 iR MS/MS
PTAR0E A 15 BB B Hp DG Ly R SRS A
e S, RE&MH 27 AR R ERMERG R
AR (R 2). BT RHERZERESR, 72148
BHAR E R EEREEE (E 5, BT
R /NES B A FER BN, FIRERFEAR, 1748
KA. HE 2 MK S A FE H, IF-7 4151 NF-7
M= SR T ENEILR. 2ER. FEIRR
WY R, TF-7 36 21 MR = T NF-7 41,
MErs kR R IR L- FEE. T R, D-1- RHE -2-
TR A NLIR DL S R IR S5 J 5L R 2R AE IF-7 2k %
TP S B RS T NF-7 4 1F-7 34 6 Pt
PR T NF-7 4, 23 3 88 7 B0, N- 2168 i
(Z) -12,13- 5+ )\ Bk -9- IR, 3- & -3- %%
BRI IR .
2421 HHEKR

T2 B 5 har R, AR HLIR I 2 AR
WA RN R R SRR . - FLER. T R, 3-
FEE 3 ¥R 5% 8. TE-7 45 bt gk bk 3 0 % 1)
FEI NF-7 1% 4.08 £, IH g bk 0 356 7 T A2 Tt os
IR 2 T8 7 ¥ e 28 R SE AL B 1 1R R AL ZE B )

SRV, R ER R A — R R A R B6 RIS TLAIT,
IF-7 ZH itk g bk Fe B R R & &5 s, T RESE AT A
X EEZ B6 FITHALAI A . TF-7 41 i) L- AR 2
NF-7 401 3.45 £, L- FLER e A1 £ 2 55 A il vk
MER, AR HEEMFEM. TR (BEHKR)
= RBIEA AR =Y, A BT i s &
Wi pH ™Y, BARRBRER, 2N T
FHREMZH. BB, 7F Li R T EAAT
WA R LR A A A, RIRE R T K 4
N2 B 2EL ) FLIR A BRI G & 3 e T AR R B 3-
HOE 3- R0 I R AE 1F-7 A& & /0 F NF-7 41,
A — b BRIk R A HLERY . AR,
KECH LRI 2, Be ELAE R T 7 i XUk Bl
BT
2422 IR

g2 KE s A, WHPEEREE
AU Nalpha- HREHE R . N6- 2k -L- #iE
R WRNE R AR, TF-7 41 i &5 il & NF-7
40t 3.95. 2.90. 1.47. 120 %, IF-74h BEHE
AR S E. i, #ERe Mo HEaER,
RESG N6 it B FRAN B I3 TP W R, BT
i P R SRR S e TR R R, Rtk pk

125



MK EmBHL

Modern Food Science and Technology

2024, Vol.40, No.2

PR KRB — RS R, HAARENE
RE. W hSmEm™, -7 A iER s &
XGE, fe— R BT AR ) e B IR AT i
A NEKE AL FI T, Nalwoga™ (I 72 B & Bk 4
FUAF B R B I ROKR OB A BR & G s XK
A 3 1o 7L R A A T DROK ) ot R — s 2 ) 40 oK Al
s PR R [ = 1 )
2423 JWimRR

PR ZEL IR 1% TR N W R 22 S AT ) 6 22 9 Iy R AN
(Z)-12,13- 82 5+ )\Ik -9- ) B8 . 7E IF-7 41+,
NEVE R ZABEAETR CEMED & s R
T NF-7 41, #& NF-7 411 6.19 £i5, MR AV A

SRR, R )\ -9- IR A2 TF-7 41
& BT NF-7T A m, HEGRLES, &
FRE BRI EEREFESWR.
2.4.2.4  HAMAHIEY R

2 S 5 AT LA, R A S 00 5k e e
S R A RATAY, EIF-T AP S R
T NF-7 4, WHBER 4484 K B3, HA PR AT
R HTTMAER, ST YERFLAR IE 5 14 fr i gl
RFBEBZMER. HH, BEREEERYELE IF-7 4+
& BB E T NF-7 4, BERY 05 50 51
A AR R A A AR 7E S B 1A VR F R A B Bs 2R
i, BeRPm B AR R R AL R R E R

NN RE &,

EHEAGEA FRARERE R —

TR -

* 2 £RBEHNESRBM(P<0.05+VIP=1)[3ZE, log2(FC_IF/NF) X/ HER]

Table 2 Significantly different metabolites (P < 0.05 + VIP = 1) [The order according to the score of log2 (FC_IF/NF)]

2 AR ok 1T log2 (FC_IF/NF)]  VIP P
1- BR =4 HE 5036.80 12.30 1.39 8.51E-05
E 4B 2 528.68 9.05 3.00 7.44E-05
A=A S 180.66 7.50 7.88  2.61E-06
N- K P&t -4- ¥ A A AR R K T 8L B EES 51.36 5.68 2.59  3.22E-04
-, HE 39.89 5.32 14.70  2.03E-07
NEE Y /i BE 16.34 4.03 2.59 3.87E-05
O- TBLK A% B 15.83 3.98 2.53  1.31E-05
T ik B R e & 6.19 2.63 240 6.73E-04
N- ZELEAH 24 2 5.14 2.36 3.60  9.08E-05
8 Bk BRTE5%AE 490 2.29 148 1.91E-04
sHehobk 72 AR AR BR A AR K 4.08 2.03 1.34  2.32E-02
Nalpha- F 340 R84 BRI E 3.94 1.98 121  6.50E-03
L- $LB& A AER K 3.45 1.79 1.30  3.06E-02
N6- LBk -L- #i &2 84 AR K 2.90 1.54 2.56  2.07E-04
AN B LEES 2.88 1.53 2.06 3.43E-03
23- T8 B 2.51 1.33 1.97  1.11E-02
T =% H AR K 2.20 1.14 1.89  2.99E-02
D-1- %72 -2- RER AT SY 215 1.10 126 3.18E-03
YA B AL A HRATFH%AE 158 0.66 1.66  3.24E-03
YRR BR Rk B K 1.47 0.55 130 6.12E-03
HEBR AR % 1.20 0.27 121 4.64E-02
PR EXEES 0.79 0.35 1.06  9.30E-03
N- TBLJE e J& PeAT 4 % 0.75 0.41 2.09 1.18E-02
(Z) -12,13- 5+ A\B 9- Bt Jgme 0.63 0.66 1.12  2.16E-02
3-FR 3-HZA KRB A HLER K 0.41 1.29 1.76  3.38E-02
By Bk 0.40 1.34 2.05 7.51E-03
BREER TR 0.35 1.53 438  2.78E-04
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Fig.5 Thermogram of different metabolites in rice acid soup
with different fermentation methods
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Fig.6 The 3D chromatogram of volatile components of rice
sour soup with different fermentation methods

Z: (a) IF-7; (b) NF-7.
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Fig.7 Content of volatile components in rice sour soup with
different fermentation methods
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